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TRANSLATOR’S PREFACE. xiii

anglaise me permet d’en juger, elle est aussi élégante
que fidéle. Il ne me reste plus qu’d faire des veeux
pour que vos compatriotes jugent mon petit livre
aussi favorablement que vous ’avez fait vous-méme.

Recevez, cher Monsieur, avec mes remerciments
réitérés, Pexpression de mes sentiments les plus dis-
tingués.

A. DE QUATREFAGES.

Monsieur le Dr. H. Lawsox.

To say that the anthor possesses the highest quali-
fications for the task of interpreting developmental
phenomena, would be to argue ignorance on the part
of the reader and a want of modesty on our own side.
We shall therefore leave him to discharge the duty
he has taken upon himself.

We have said our say; but ere we conclude, we
would express our sincere thanks to the Author,
Professor Huxley, Dr. Divers, and Messrs. Henry J.
Slack and J. Daly, for their kindness in assisting
us to examine and correct the proofs, as the following
pages travelled through the press.

H. L.
June 20th, 1864.









xvi AUTHOR’S PREFACE.

merely giving accurate views, supported by the most
striking illustrations. In the present volume I am
forced to preserve this feature, unless I were to
produce a completely new work.

Such as it is, I trust that this treatise may be
accessible to all who are accustomed to serious read-
ing. At the same time, it will present to naturalists
the principal facts with which they are acquainted,
arranged in a manner peculiarly my own, and with
references to several works scattered here and there. .
Perhaps in these different aspects it may prove of
service. Such, at all events, is the object with '
which I publish it.

March 16th, 1862.
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AND THE LOWER ANIMALS. 25

area, and in no case can anything resembling a
primitive streak be observed. This first indication
of a controlling apparatus—absent in all inverte-
brates,—is never perceived, even in a transitional
form, in the course of their transformations.
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CHAPTER V.

TRANSFORMATIONS WHICH MAMMALS UNDERGO AFTER THEY
HAVE LEFT THE EGG.

Tae development of mammals is, as we have seen,
exceedingly energetic in the commencement; then
gradually the organs appear in their proper order,
assume their distinctive forms and proportions, and
take up their right positions. The embryo, in fact,
has become a feetus, and has now strength enough to
make its own way in the world. Finally, it is born ;
its lungs perform their function, its digestive apparatus
discharges its duties, and its circulation is complete.
Does this last step leave the organism, which has
already undergone so many changes, in a state of rest?
‘We saw in the first chapter how the balance answered
this question, and here again we must employ accurate
instruments in extending our observations to the
animal kingdom. Is the infant in the same condition
as the youth, or the adult as the aged? Is it not pro-
bable that at every period of life the form and propor-
tion of an animal undergo alterations? And, unless
we admit that our organs are the seat of perpetual
changes and modifications, how shall we explain these
alterations ?

Of all the periods mapped out by the successive
external features of an animal, there are none which
are more remarkable, viewed from our stand-point,
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CHAPTER VI
GENERAL PROCESSES OF TRANSFORMATION—CONCLUSION.

Having sketched the more comprehensive features of
embryonic development in general, and of that of
mammals in particular, we shall now examine the various
methods by which these phenomena are brought
about. We saw, at the outset, that Nature does her
work in a far more complete manner than some
philosophers imagine, and that she accomplishes her
purpose by a series of different processes, rather than
by a single one.

Of these processes we may mention two by name—
Epigenesis and Evolution ; terms which have been for
ages the standards of rival schools, and the subjects
of many a noisy controversy.

According to the doctrine of Epigenesis, neither
tissues nor organs exist in the embryo prior to their
appearance ; they are all formed upon the spot, suc-
cessively, and, as it were, spontaneously also. The
innate nature of each animal determines their form
and structure. The Evolution theory, on the other
hand, asserts that all the organs of the future being
exist in the germ ; that the latter has the power of
growth alone, and is unable to give the being a hair,
a feather, or a scale, in addition to what it already
possesses, if it be an animal; or a leaflet, if it be a
plant.
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them down and distributes them, one moment ac-
cumulating them in one locality, anon drawing
them away to another, and producing those manifold

transformations which we have been endeavouring to
describe.
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CHAPTER VIL

METAMORPHOSIS PROPERLY SO CALLED—METAMORPHOSES
OF BUTTERFLIES.

Wz have seen elsewhere that the germ of viviparous
animals prior to rupturing its envelopes and leaving
the mother’s womb, is converted into an animal ca-
pable of leading an independent existence. All ovi-
parous animals present, in the main, a similar state of
things. The observations which have been published
up to this, lead us to believe that a blastoderm, formed
on the surface of the yolk, is the starting-point of the
organism ; and that the latter, assuming several trans-
itory forms, and becoming more and more complex,
undergoes, in the course of its egg-development, a
series of successive alterations affecting the entire or-
ganism, as well as the structures which it comprises.
But, from the period of hatching, the newly-born
animals constitute two distinct groups. The first have
all the parental features; the second do not resemble
their parents in any way. In producing the primary
type, the first have only to increase in size, and
undergo the modifications that we saw in the case
, of mammalia and man; the second, on the contrary,
have to be completely altered. The latter, having
undergone their transformations in the egg, must
undergo their metamorphoses after they have left it.
For the sake of clearness, and for the purpose of






































































































86 METAMORPHOSES OF MAN

the contrary, there are many of them which never
possess any organ of flight at all. Insects which
undergo no metamorphoses can never have wings.
This is what occurs in all those insects, such as the
lice, spring-tails, and lepisme, which leave the egg
fully formed, and only increase in size afterwards.
These are purely oviparous animals, and their develop-
ment is effected by a series of simple transformations;
they never reach the condition of the perfect insect,
and as regards external characters, they remain larve
to the end of their lives.

continents, and engender plague or typhus by the putrefaction of
their bodies, after they have produced famine by their voracity.
Although these large orthoptera measure nearly ten centimétres

om wing to wing, single individuals cannot undertake long jour-
neys. The flight of an isolated insect is heavy, and moreover is
never sustained for any length of time. It isin great part the wind
which drives these living clouds to such immense distances, occa-
sionally carrying them out to sea.
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CHAPTER X

METAMORPHOSES OF MYRIAPODS, CRUSTACEA, AND
ANNELIDS.

‘WE shall now return to the invertebrata. The sub-
kingdom Annulosa contains, besides the insects, the
Myriapoda or Centipedes (Scolopendra Iulus, &c.),
Arachnida (spiders and scorpions), and Crustacea
(crabs, crayfish, wood-lice, &c.). Of these three
classes, the second undergoes no metamorphosis; but
the first and third exhibit this phenomenon, and
though.not as generally as insects, yet occasionally
with characters that we have not met with among the
latter.

The Iulidee have been the most fully investigated of
all the Myriapoda which undergo metamorphoses ; and
among those who have devoted attention to them we
may mention De Geer, Savi, Waga, and Gervais.
When in the adult condition, these animals are com-
posed of a series of segments placed end to end like
the beads in a chaplet, of which nearly every segment
is provided with two pairs of limbs. These limbs
vary in number from 140 to 200, according to the
species. When the Tulus first leaves the egg, its body
is quite smooth and devoid of legs. After a short
time it becomes divided into a number of separate
segments, and three pairs of legs are, as it were,
pushed out. As the animal grows older and goes
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entirely new light, inasmuch as it tends at the same
time to elevate and degrade an animal in the zoological
series. Hereafter we shall find several examples of
this double action; consequently, we shall see the
animal in its perfect condition, placed sometimes above,
and at others below its larval state, according as one
or other of these opposite tendencies has the upper
hand.
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CHAPTER XI.

METAMORPHOSES OF GASTROPODOUS AND ACEPHALOUS
’ MOLLUSKS.

TrE discovery of metamorphoses among mollusks is
quite a modern one, and there are doubtless very many
more discoveries to be made in this branch of science.
In the year 1832, the celebrated German anatomist
Carus described for the first time the larve of Ana-
donta, a sort of fresh-water mussel, which is abundant
in all the canals and ponds throughout Europe.* But
as always occurs in such cases, the facts, being quite
unexpected, were at first denied. It was asserted
that the larvee were only parasites, which existed in
great numbers in the gills of mollusks. They were
given a distinct name, and this erroneous interpre-
tation having had the authority of Carus’s opponents
Rathke and Jacobson, became generally accepted.

At this period, whilst modestly pursuing the practice
of medicine, and having, if anything, too much time
upon my hands, I devoted myself to natural history
when waiting for patients. Inignorance of the labours
of my distinguished contemporaries, I pursued the"
same subject. I watched the development of the
anadonta’s eggs daily, during at least five months,
from the time they were deposited, until an accident

* Carus’s memoir appeared in the “ Nova Acta Nature Curio-
sorum.”
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have 1o shell, even in the adult condition ; their head
is provided with four long stout horns or tentacles, at
whose base a single pair of eyes may be seen; and
their back is covered with little projections, which for
a long while had been considered simple branchize.
They crawl along the bottom of the sea, by means of
a thick fleshy disk, which is called a foot. These
pretty little creatures are most brilliantly coloured,
and look as if they were composed of enamel and
crystal. So much for their external characters. Im
the interior we find, besides other organs, a stomach,
which terminates in an exceedingly short intestine,
and gives off from its opposite side a series of more or
less numerous canals, which ramify, and send pro-
longations almost to the extremities of the dorsal
appendages. The liver, which is usually so extensive
in mollusks, is here represented by delicate glandular
layers which surround the terminal cceca of the gastro-
vascular apparatus. Let us see what these exceptional
mollusks are like in their earliest stages. On emerging
from the egg, each larva is provided with a shell, and
its foot, rudimentary as yet, has a sort of horny plate
attached to it, which it raises or lowers like a draw-
bridge when it wishes to close or open its shell.
Being unable to creep along, it is furnished with a
locomotive organ, in the form of a large double collar
placed above the mouth. The edges of this structure
are clothed with long vibratile cilia, which make it a
" very powerful swimming organ, that the animal folds
or unfolds at will, when retreating into its shell. The
animal, surrounded by the latter, and fixed to it by a
set of strong muscles, possesses a digestive apparatus
and liver like those of other mollusks. After a certain
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present and ever active, controlling the materials
borrowed from the external world, arranging them in
accordance with a preconceived plan, and rejecting
them when they are not longer fit for use. ILife, then
—the vital vorter—we must regard as the first cause,

and as the general process of all the phenomena which
we have been describing.



































































































156 METAMORPHOSES OF MAN

What would our readers think were we to express
ourselves thus :—A butterfly deposits an egg, from
which springs an earthworm that is soon converted
into a caterpillar; from this caterpillar a series of
buds are produced which become so many individuals
like the first one; then each of these, although pre-
serving the caterpillar head, assumes the body of the
chrysalis ; this body is constricted at intervals, and
gradually becomes converted into a cluster of
butterflies, piled up one upon the other; the cater-
pillar head then falls off, and the butterflies fly away
one by one. At first they resemble moths; but by
degrees they assume their true characters, and become
beautiful diurnal Lepidoptera. Who would put any
trust in a history which described a series of trans-
formations as fantastic as those seen in a dream?
Yet change a few of the expressions, employ the
terms Acalephs and Medusz for those of insects and
butterflies, and that which but a moment before had
been mere fiction becomes simple truth.
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This mode of reproduction was first pointed out by
Ehrenberg, the distinguished Berlin micrographer*
who afterwards discovered the zoosperms also of these
animals. The Hydra, then, is hermaphrodite, and pro-
pagates both by ova and buds. But—and thisis a
fact of the utmost importance—the buds are always
produced first, and the Hydra perishes as soon as it
has produced ova. Thus, there springs from the
Hydra’s egg a simple individual—a scolex—capable
of producing many others like itself, and which can
also push out buds, but which ends as the parent does,
by assuming the sexual attributes.

It is the same as if a butterfly’s egg gave rise to
an animal having all the external characters of the
perfect insect, but devoid of reproductive organs,
having the power of producing by gemmation other
beings resembling itself, which, like it, would be
capable of acquiring at a later period the male and
female generative bodies.

Here we observe geneagenesis in its simplest form,
deprived of all accessory circumstances, and of all the
complications which result from change of form.  The
several generations of scolex are exactly similar, and
each scolex is directly transformed into a proglottis, the
strobila stage being entirely absent. The very sim-
plicity of the process shows what is really its most
fundamental part —viz., the production of several
generations from a single germ.

The compound ascidians show us something ad-
ditional.

In these the ovum develops a scolex, which becomes
fixed, acquires well-marked reproductive organs, and
* ¢ Die fossilen Infusorien,” 1837,
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Kolliker,* Gegenbaur,t and Vogt ;1 and by our own
researches also.§

Hence we should expect to find the different forms
of reproduction, before described, occurring among the
Siphonophora; and such in fact is shown to be the
case, by the series of investigations we have just
referred to. There we observe geneagenesis in its
most complete and varied forms. Yet its final term
is almost always a medusiform animal, sometimes
long-lived, sometimes short, with an organization
frequently of a very simple character, but occasionally
more complex; in some instances free and floating,
as in the Aurelia, in others fixed, as in the case of
Lowen’s Campanularia, and which alone assumes the
sexual attributes, male and female, and reproduces
itself by ova. We conceive it to be useless to intro-
duce the analogy we have so often employed, and to.
contrast that which occurs among the Siphonophora
with the simple metamorphoses of the Lepidoptera.

Looking .at this multiplicity of phenomena, all
coming within the same scheme, one might feel
inclined to believe that geneagenesis, in spite of all
the complications to which it is liable, is a general
law for all the groups we have named ; that all polyps
spring from a medusa, and all meduse originate in
polyps which have reached their final condition of
development. But—and we cannot repeat it too

* “Die Schwimpolypen oder Siphonophoren von Messina,”
1853.

+ “Beitrige zur nahren Kenntniss der Schwimpolypen,” 1854.

T “Recherches sur les Animaux inférieurs de la Méditerranée,”
first memoir, on the Siphonophora of the Sea of Nice, 1854.

§ “ Mémoire sur I'Organisation des Physalies.”—Annales des
Sciences naturelles, 1854,
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Nevertheless, it is well to be on our guard against
various sources of error. Occasionally, certain organs,
or even the entire bodies of Infusoria, are attacked by
parasites, which, as they pass away, are sometimes
regarded as the offspring of the animal which they
are really victimizing.* It seems to me that M.
Balbiani’s discoveries will necessitate a careful revision
of the facts attributed to internal gemmation. It
may be that in certain cases, the fragments of the
nucleus which have been hitherto looked on as destined
to the direct formation of the embryo, pass in reality
through the condition of ova, which are afterwards
hatched within the substance of the mother, as among
all viviparous animals.

But whether the embryo proceeds directly from
the ovary, or results from the transformation of an
ovum produced by it, it is quite unlike its parent
when it first starts in life, and has to undergo a
geries of metamorphoses. In what do these con-
sist ? Here, unfortunately, we are placed among
uncertainties and contradictions, and even what
was believed as incontrovertible a few years since,
is now either questionable or proved to be erro-
neous.

* Some of these instances of parasitism have been made known
by Claparéde and Lachmann. Balbiani hes also drawn attention
to this matter, by a note in which he shows that the Acincta para-
sites which become introduced into the bodies of various Infusoria,
aad especially into those of Paramecia, have been mistaken for
embryos formed by internal gemmation. This fact furnished the
French naturalist with a new argument against Stein’s theory, the
reproduction of Infusoria by acineta-forms—which has been justly
opposed by Claparéde and Lachmann in the ¢ Comptes Rendus
for 1860.
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materials necessary for its growth, from the parent; it
abstracts its nourishment, but it tends more and more
to become an isolated being. Whether the operation
takes place externally as in Polyps, or internally
as in Salps, the phenomenon is essentially the same.
In the Echinoderms, on the contrary, the bud in
the course of growth, surrounds the existing organs
and appropriates them. Viewed as a whole, the
process of gemmation is one of geneagenesis; but
the stomach in Sea-urchins and Ophiuridee, and the
entire digestive apparatus, and some other organs in
Holothurize, are submitted to a simple metamorphosis
only.

The development of Echinoderms forms a sort of
connecting link between these two classes of phe-
nomena, and prevents one of those leaps to which
Nature ever seems to be so averse.*

* M. Edouard Clapartde has come to a similar conclusion on
this subject, although we have investiguted the matter from very
different points of view.
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framing any new hypothesis, this mode of viewing
geneagenesis agrees with all the results of direct
observation and experiment; it leads from the best
known and simplest facts presented by ordinary
growth, to the most complex and most recently dis-
covered phenomena of the production of generations ;
it explains the neutrality of all the intermediate series
of the latter, accounts for multiplication by agamic in-
dividuals, and justifies the existence of cycles, which
terminate in reproduction by ova; finally, it distin-
guishes clearly between the phenomena in question
and those of metamorphoses, whilst at the same time
it preserves the true relations which form a bond of
union between the two classes of facts, and which
cannot be denied.

It appears to me now, as it did on other occa-
gions, that this doctrine is accurate in its entirety, as
well as in its details.

.



































































































AND THE LOWER ANIMALS. 276

tions of the food-sucking individuals remain, in our
evergreens, and in plants of tropical countries, just as -
the prey-seeking polyps of the Coryne do. And although
it happens otherwise in the case of most trees in our
climates, this apparent difference is explained by the
circumstance that the cold of winter suspends the
vital processes going on in the trunk.

Thus we perceive, that in regard to the multipli-
cation, to the propagation of the species, the parallel
between the most decided vegetables and animals -
subject to geneagenesis, is maintained from the period
of birth to that of death.

T2










































